The wakes of three car models with different rear shapes were investigated, first with a combination of 9 Pitot-tubes and afterwards with a 2-Dimensional LDV-system. By combination of both data types and utilizing software on a workstation, the data was visualized in form on quasi three-dimensional streamline graphs. These graphs showed a structural correspondence between the vortices of either the fastback shape and the sedan shape, differences only occurred in their location and extent: two opposite rotating longitudinal vortices developed out of the flow around the car body, leaving a relatively small reverse flow area directly behind the car. Comparing these flow fields with that of the wagon-shaped car the wake differs substantially: the longitudinal vortices are almost not existing, whereas a large reverse flow area mainly caused by the underbody flow of the car developed.
Introduction
A good understanding of the aerodynamics around cars is considered to be of importance in several fields of car-performance. These may be subjects like the handling stability at higher speed, the wind noise or the cooling of the engine and brakes. But above all, the fuel economy is the most important, since the foreseen shortage of energy-resources and the effect to the air quality made it necessary to produce fuel and energy saving cars. Naturally, the needed amount of fuel is directly related to the drag the car has to overcome. Although the drag consists of several components, the one induced through the aerodynamics around the car is the dominant one.
The aerodynamic drag is mostly attributable to the pressure distribution on the surface of the car caused by the displacement of the air while the vehicle moves. Basic information about this distribution and thus the forces acting on the car is carried within the structure of the developed wake, since the wake is a consequence of the flow around all body features.
Therefore, a detailed knowledge of this wake is needed for a better understanding of drag creating mechanisms and consequently should result in generating aerodynamically favorable vehicle shapes having a low drag and good aerodynamic characteristics. Furthermore, this information is essential for the development of numerical flow-models for computer simulations, since comparisons between the simulated and the existing flow are possible.
Various Fig. 2 Pitot-tube-rake and LDV-system light source, an optical unit, the signal processor and a connected personal computer. One special characteristic of this system was the separation of the LDV-probe head from the main optical unit by optical fibers, thus, leading to a very practical, easy-to-use device. Hot atomized liquid paraffin produced by a smoke generator was used as tracer particles and introduced into the wind tunnel right behind the car model. For achieving three dimensional velocity-vectors (as with the Pitotsystem) the two channel LDV-system was employed from two different view-angles perpendicular to the main stream direction. The wake measurements were made in 13 (fastback, sedan) and 14 (wagon) cross-sections behind each model, as shown in fig. 3 . 
Computational
Equipment After measuring the data, it was transferred to a workstation and processed there. The graphs shown in the next chapter were produced with a special program written by Nissan [7] which is designed for numerical flow-analysis as well as for visualization of measured data. This program has the ability to calculate threedimensional streamlines either in the chronological or reverse-chronological direction.
Results and Discussion
The following pictures show streamline-graphs in the wake of the different car models. Since threedimensional lines were produced, for better comprehension of the flow, each set of photos shows the same lines, just taken from different view-angles and with different enlargement.
Comparing the flow field of the three different shaped models in general, the very simple observation can be done that the flow field in the wake of the sedan and fastback are very similar, but differ with that of the wagon.
In case of the sedan and fastback ( fig. 4 and 5 depends on the interaction of the flow leaving the carbody and is smaller with faster wake-velocities. Producing streamlines in this region led to some inconsistencies which is probably attributable to the used grid with a point to point distance of 20 mm. Hence, these figures are not given in this paper. However, the extend of this area could be determined and is shown in fig. 6 . Concerning the differences between the flow in the rear of the two shapes, the following can be said: the rotation of the two longitudinal vortices is bigger in case of the fastback, which is a result of a greater pressure difference between the upper and under surface. Furthermore, since the stream is following the more downward directed rear-surface of the fastback, larger downward pointing velocities in the middle and larger velocities from the upper side of the car exist. This velocity distribution directly behind the car is the reason for the smaller extent of the reverse-flow area in case of the fastback Fig. 7 shows the vertical lines of the vortex centers of the sedan and fastback in dependence on the distance behind the car model. The height of the center line in case of the fastback is lower than that of the sedan. This is caused by the larger downward directed flow velocities which pull down the longitudinal vortices. Another fact can be derived from those figures: since the length of the shown vortex center lines corresponds to the same time interval, the vortex of the sedan is moving slower downstream. Fig. 7 Vertical line of the vortex center in the wake of sedan and fastback
The flow field in the wake of the wagon-shaped model ( fig. 8 and 9 ) is characterized by the formation of a big separation bubble and a flow streaming around Regarding the general view of the flow field in the wake of a wagon-shaped body, a small vortex should have developed out of the upper separation edge, but this could not be observed in case of this investigation. The reason is probably the fact, that the extent of the vortex, is smaller or at least the same size as the measured grid, since just time averaged data is considered.
Conclusion
• By combination of the advantages of the two measuring systems Pitot-tube (fast) and LDV (reverse flow measurements), a very efficient method was employed to obtain flow-velocities in the wake and especially in the reverse flow region of car-models.
• Characterizing the flow-field of the investigated three different shaped model cars, it can be said that the flow in the wake of the sedan and fastback are structurally equal. 
